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In Australia, approximately 1% of the population are living with chronic hepatitis B (CHB),[1](#hep30899-bib-0001){ref-type="ref"} with people born overseas and Aboriginal and Torres Strait Islander peoples representing three‐quarters of those affected.[2](#hep30899-bib-0002){ref-type="ref"} Through ongoing migration from endemic populations, the number of Australians living with CHB has continued to increase,[3](#hep30899-bib-0003){ref-type="ref"} with CHB now more prevalent in Australia than human immunodeficiency virus (HIV) and chronic hepatitis C combined. Universal infant hepatitis B vaccination programs in Australia and overseas are reducing transmission, especially to infants,[4](#hep30899-bib-0004){ref-type="ref"}, [5](#hep30899-bib-0005){ref-type="ref"} and although this is not yet significantly impacting on the prevalence of CHB among adult migrants, the prevalence of CHB in this group is expected to fall significantly in coming years.

Deaths attributable to liver cancer (predominantly hepatocellular carcinoma \[HCC\]) have been increasing faster than deaths caused by any other cancer in Australia, with liver cancer now the sixth most common cause of cancer death.[6](#hep30899-bib-0006){ref-type="ref"} Globally, liver cancer is the second leading cause of cancer deaths, with one in every ten cancer deaths globally being caused by liver cancer.[7](#hep30899-bib-0007){ref-type="ref"} The majority of these cancers are caused by chronic viral hepatitis infection.[8](#hep30899-bib-0008){ref-type="ref"} When considering other attributable causes of death, it has been estimated that viral hepatitis is the seventh leading cause of human deaths globally.[9](#hep30899-bib-0009){ref-type="ref"} Where indicated, antiviral treatment for CHB is associated with a substantial reduction in mortality from cirrhosis and HCC---with comparative studies showing a reduction in HCC risk of 50% overall within a few years of treatment and 80% reduction in those without cirrhosis.[10](#hep30899-bib-0010){ref-type="ref"} Without a drastic scale‐up in treatment for CHB, however, attributable mortality will continue to rise.[11](#hep30899-bib-0011){ref-type="ref"}

In response to increasing international recognition of the imperative to address viral hepatitis, in 2016 the World Health Organization (WHO) released the Global Health Sector Strategy on Viral Hepatitis 2016‐2021 (GHSS).[11](#hep30899-bib-0011){ref-type="ref"} The GHSS includes specific prevention, diagnosis, and treatment targets (hereafter referred to as the WHO 2030 targets)---90% coverage of infant hepatitis B vaccination together with other prevention methods, 90% of people living with viral hepatitis diagnosed, and 80% of those eligible for treatment receiving it---with the goal of achieving a 90% reduction in incident infections and a 65% reduction in attributable mortality by 2030. These reductions in incidence and mortality are defined in the GHSS as representing elimination of viral hepatitis as a public health concern.[11](#hep30899-bib-0011){ref-type="ref"} The first Global Hepatitis Report assessing progress toward the WHO 2030 targets[12](#hep30899-bib-0012){ref-type="ref"} emphasized the very substantial gaps in all populations regarding strategic information and surveillance data, plus all elements in the cascade of care through diagnosis, monitoring, and treatment.

In Australia, the 3rd National Hepatitis B Strategy 2018‐2022[13](#hep30899-bib-0013){ref-type="ref"} aims, by 2022, to achieve and maintain 95% infant hepatitis B vaccination coverage; increase the proportion of people living with CHB who have been diagnosed to 80%; increase the proportion in care to 50%; increase the proportion of people receiving antiviral treatment to 20%; and reduce CHB attributable mortality by 30% (hereafter referred to as the National 2022 targets).

Australia has developed successive National Hepatitis B Strategies since 2010 intended to guide cross‐sectoral responses to CHB, with significant progress being achieved over this period. Through the national health care system, Australians have universal access to monitoring and treatment through the Medicare Benefits Scheme (MBS) and Pharmaceutical Benefits Scheme (PBS), with hepatitis B antivirals subsidized through this system since the late 1990s. However, Australia is still struggling to reach the majority of those affected and engage them in appropriate care and monitoring.

The epidemiology of CHB in countries like Australia is complex, with a low background CHB prevalence in most communities, but higher prevalence among Aboriginal and Torres Strait Islander people, and from the second half of the 20th century to the present time, high net inward migration from countries with intermediate and high CHB prevalence. Accurate estimation of the disease burden requires consideration of the multiple modes of transmission of hepatitis B and consequent diverse risk populations, the impact of age of infection on progression to chronic infection, differing prevalence by country of birth (COB), and the impact of multiple possible interventions, including vaccination and antiviral treatment.

Mathematical modeling is a valuable tool to use available data to simulate complex systems and population‐wide health impacts of communicable and noncommunicable diseases. It can inform health policy in a range of ways, including establishing an evidence base for strategic service delivery targets to achieve desired population health impacts, and for tracking progress toward these targets at the subnational, national, and global level. Mathematical models can also explore the impact of uncertainty in data inputs, helping to direct research efforts toward obtaining stronger data to inform these influential parameters.

This article presents a mathematical model simulating CHB in the Australian population for the period 1970‐2030, accounting for diversity in prevalence and impact of overseas migration, incorporating detailed disease phase dynamics, and examining the impact of domestic and overseas vaccination programs, together with the impact of antiviral treatment on mortality attributable to CHB at a population level.

Materials and Methods {#hep30899-sec-0005}
=====================

Model Overview {#hep30899-sec-0006}
--------------

We constructed a deterministic, age‐structured, mathematical model for the natural history of hepatitis B in Australia building on previous work.[14](#hep30899-bib-0014){ref-type="ref"}, [15](#hep30899-bib-0015){ref-type="ref"} In the model, the Australian population is divided up into hepatitis B--related health states, including susceptible, immunized, acute hepatitis B infection, various phases of CHB infection, and resolved infection (Fig. [1](#hep30899-fig-0001){ref-type="fig"}). Modeled chronic infection states are immune tolerance, immune clearance (+/‐ cirrhosis), immune control (+/‐ cirrhosis), immune escape (+/‐ cirrhosis), decompensated cirrhosis (DC), and HCC. All states where antiviral treatment may be indicated are stratified into those receiving treatment and those not on treatment (Fig. [1](#hep30899-fig-0001){ref-type="fig"}). The modeled population is dynamic, increasing because of births and immigration, and decreasing because of deaths (hepatitis B--related and all‐cause) and emigration.

![Schematic diagram of the mathematical model describing the progression of hepatitis B infection and indicating key transitions. CHB phases are within the boxes. Phases with a "T" indicate individuals in that phase receiving treatment. Light gray treatment icon indicates those who have transitioned into this phase while on treatment. Colored arrows represent transitions between states. Each health state is stratified by age. Resolution of infection is possible from acute infection and from CHB phases and results in the transition into the resolved state. Abbreviation: HBV, hepatitis B virus.](HEP-71-1170-g001){#hep30899-fig-0001}

Individuals within the susceptible state can transition into the immunized state upon vaccination, or into acute hepatitis B if they acquire infection, either through vertical transmission during childbirth or infection later in life. Individuals with acute infection that progress to chronicity transition into the first phase of CHB infection (immune tolerance), from which they can progress into subsequent states. Possible routes of progression through phases of CHB are illustrated in Fig. [1](#hep30899-fig-0001){ref-type="fig"}. Individuals migrating to Australia already living with CHB may enter into any one of the untreated CHB states (indicated by the green diagonal arrows in Fig. [1](#hep30899-fig-0001){ref-type="fig"}). In the model, the risk of developing DC or HCC relates to age, phase of CHB, and treatment status. Hepatitis B attributable mortality occurs through acute infection, or through the DC or HCC health states.

Current guidelines recommend antiviral therapy initiation only for those in an immune active phase of CHB (immune clearance and immune escape) or those living with cirrhosis with detectable hepatitis B replication irrespective of phase (Fig. [1](#hep30899-fig-0001){ref-type="fig"}).[10](#hep30899-bib-0010){ref-type="ref"} In the model, treatment uptake therefore varies according to phase of CHB and age. For those eligible, treatment reduces the risk of progression to cirrhosis and/or HCC, which leads to differential transition rates between phases of CHB for those on treatment compared to those who are not receiving treatment. People living with CHB who develop cirrhosis have a higher risk of developing advanced liver disease, including DC and HCC, reflected in model transition rates.

Model Inputs {#hep30899-sec-0007}
------------

### Population Demographics {#hep30899-sec-0008}

The Australian Bureau of Statistics (ABS) provided the majority of the demographic data used in the model. This included total population numbers,[16](#hep30899-bib-0016){ref-type="ref"}, [17](#hep30899-bib-0017){ref-type="ref"} births,[16](#hep30899-bib-0016){ref-type="ref"} deaths and life tables used to derive age‐group mortality rates,[16](#hep30899-bib-0016){ref-type="ref"}, [18](#hep30899-bib-0018){ref-type="ref"}, [19](#hep30899-bib-0019){ref-type="ref"}, [20](#hep30899-bib-0020){ref-type="ref"} and migration.[21](#hep30899-bib-0021){ref-type="ref"}, [22](#hep30899-bib-0022){ref-type="ref"}, [23](#hep30899-bib-0023){ref-type="ref"} In the model, the population is stratified into 18 age groups (5‐year categories for those aged 0‐84 and an 85+ age group), which allowed for incorporation of the differential risks in hepatitis B acquisition and disease progression by age.

### Disease Transitions {#hep30899-sec-0009}

Disease progression and transitions between each health state, including the impact of any antiviral treatment (including pegylated interferon and nucleoside/nucleotide analogues) on these, were generated based predominantly on a review of published and gray literature. The impact of treatment for HCC transitions was modeled separately and includes potentially curative interventions, including liver transplantation. Refer to Supporting Information Table [S1](#hep30899-sup-0001){ref-type="supplementary-material"} for further details.

### Migration {#hep30899-sec-0010}

In addition to Australian demographic data, incoming migration by age and COB were incorporated. Data regarding net overseas migration (NOM) produced by the ABS provided the total number of people entering the population from 1951 to 2017 as well as projections of future NOM from 2018 to 2050. Age and country of birth distributions within were calculated using different sources dependent on time period and data availability. Further details are provided in the Supporting Information.

### Prevalence {#hep30899-sec-0011}

Baseline prevalence in the model incorporates the population of Australia in 1951, preceding the onset of substantial migration from intermediate and high CHB populations. Whereas baseline prevalence includes both Aboriginal and Torres Strait Islander Australians (who have a significantly higher prevalence of CHB[24](#hep30899-bib-0024){ref-type="ref"}) and non‐Indigenous Australians, specific modeling of CHB in Indigenous Australians was not included. The number of people living with CHB migrating to Australia each year was derived using the estimated prevalence of CHB according to COB. To account for changing source population prevalence over time and by age group attributed predominately to universal infant vaccination programs, we derived varying prevalence estimates across different time periods and applied these to migration data according to age group and year of arrival for COB for the majority of migrants to Australia.

Prevalence for China, Vietnam, Philippines, and Taiwan---together estimated to represent over 45% of migrants living with CHB in Australia in 2016[3](#hep30899-bib-0003){ref-type="ref"}---was estimated separately with more specific regional data. Further details are provided in the Supporting Information.

### Disease Phase Distribution {#hep30899-sec-0012}

The proportion of individuals living with CHB in each disease phase (immune tolerant, immune clearance, immune control, and immune escape) by age group were derived according to region of birth using published data and expert opinion.[25](#hep30899-bib-0025){ref-type="ref"}, [26](#hep30899-bib-0026){ref-type="ref"}, [27](#hep30899-bib-0027){ref-type="ref"} All source countries were categorized into three world regions (Asia/Pacific, Africa, and Other) to account for broad differences in natural history of CHB infection in different populations.[28](#hep30899-bib-0028){ref-type="ref"}

### Treatment {#hep30899-sec-0013}

Treatment data used to parameterize the model were obtained from Australia\'s universal medication subsidy program, the PBS. Data represent the number of individuals dispensed adefovir, entecavir, lamivudine, pegylated interferon alfa‐2a, telbivudine, or tenofovir for the treatment of CHB between 2000 and 2017. These data exclude individuals prescribed lamivudine or tenofovir for HIV infection. Refer to the Supporting Information for details on fitting modeled treatment uptake to PBS data.

Model Outputs {#hep30899-sec-0014}
-------------

The model simulates the number of people in each health state by age group over time during the period 1970‐2030. Key derived outputs include prevalence of CHB by age; the proportion of people living with CHB who are eligible to receive treatment; the proportion of people living with CHB who have cirrhosis; the number of deaths attributable to DC and HCC; the impact of current treatment on the burden of disease attributable to CHB; and the projected impact of future treatment scale‐up.

We also utilize model outputs combined with relevant data to estimate the proportion of people living with CHB who have been diagnosed and the proportion of people receiving treatment. The proportion diagnosed was derived using the modeled number of people who have ever lived with CHB, including those who subsequently died,[1](#hep30899-bib-0001){ref-type="ref"} as the denominator and the cumulative number of notifications of CHB from 1971 to 2017 as the numerator. Notifications represent a positive diagnosis of CHB and were obtained from the National Notifiable Diseases Surveillance System (NNDSS).[29](#hep30899-bib-0029){ref-type="ref"}

The proportion of people receiving treatment through the PBS during the period 2000‐2017 was derived by dividing the total number of people receiving treatment through the PBS by the total number of people living with CHB.

Uncertainty and Sensitivity Analysis {#hep30899-sec-0015}
------------------------------------

Uncertainty analysis was undertaken by assigning probability distributions around key parameter estimates using Latin hypercube sampling (LHS).[30](#hep30899-bib-0030){ref-type="ref"} Sensitivity analysis was also performed on key modeled outputs to determine which input parameters had the most influence on the modeled outputs (refer to the Supporting Information for further details).

Future Projection Assumptions {#hep30899-sec-0016}
-----------------------------

To model the projected underlying Australian population during 2018‐2030, estimates of future births, deaths, and NOM derived by the ABS were used. The age and COB distribution of incoming migrants during 2018‐2030 was assumed to be the average of recent years (see the Supporting Information for further details).

Three separate scenarios with differing levels of future treatment uptake were modeled to assess the projected impact on the prevalence of cirrhosis and deaths attributable to DC and HCC (see Table [1](#hep30899-tbl-0001){ref-type="table"} and the Supporting Information for details). The baseline treatment scenario assumes that the treatment uptake proportion for those in eligible phases remains constant at the level in 2017 for 2018‐2030. The intermediate and optimistic treatment scenarios assume that the rate of treatment uptake for those in eligible phases increases over time. The uptake rate for the intermediate scenario was chosen to meet the WHO 2030 treatment target, and the uptake rate in the optimistic scenario was chosen to meet the National 2022 and WHO 2030 treatment targets. In the following sections, when we refer to the average annual increase, it is important to note that this was derived from the modeled average proportion receiving treatment between 2018 and 2030 and therefore does not represent a linear increase.

###### 

Impact of Treatment Scale‐up on Projected Proportion of People Living With CHB Receiving Treatment and Impact on Mortality Attributable to CHB

  Treatment Scale‐up Scenario   2022    2030                                                                                 
  ----------------------------- ------- ------ ------- ----- ------- ----------------------------------------------- ------- -----
  Baseline                      11.2%   20%    14.8%   30%   12.9%   25.9%[\*](#hep30899-note-0003){ref-type="fn"}   5.7%    65%
  Intermediate                  13.2%   20%    19.9%   30%   26.5%   25.0%[\*](#hep30899-note-0003){ref-type="fn"}   40.0%   65%
  Optimistic                    20.9%   20%    38.3%   30%   32.3%   24.3%[\*](#hep30899-note-0003){ref-type="fn"}   49.3%   65%

The WHO 2030 target is 80% of those eligible receiving treatment, which changes over time as the number or people eligible for treatment changes over time. Therefore, the target presented here is 80% of the modeled proportion who are eligible to receive treatment.

John Wiley & Sons, Ltd

To model the proportion of people living with CHB diagnosed from 2018 to 2030, we assumed that the cumulative number of notifications would increase linearly in line with recent trends. The modeled output of the number of people who have ever lived with CHB between 2018 and 2030 derived under the baseline treatment scenario (Table [1](#hep30899-tbl-0001){ref-type="table"}) was used as the denominator for the projected proportion diagnosed.

Results {#hep30899-sec-0017}
=======

Prevalence {#hep30899-sec-0018}
----------

In 2017, an estimated 221,420 people (plausible range \[PR\], 186,912‐277,706) were living with CHB in Australia. This has increased over time, with an additional 75,556 people living with CHB in 2017 when compared to 2000. Following current trends, including migration, historical and current vaccination uptake both in Australia and overseas, and treatment uptake, an estimated 246,673 (PR, 215,160‐290,429) people will be living with CHB in Australia by 2030 (Fig. [2](#hep30899-fig-0002){ref-type="fig"}). Prevalence of CHB nearly doubled from 0.6% in 1970 to 0.9% in 2017, with substantial variation across age groups (Fig. [3](#hep30899-fig-0003){ref-type="fig"}).

![Estimated number of people living with CHB in Australia over time, 1970‐2030. Highlighted mean estimate (solid line) generated from 1,000 simulations (shown in gray) taking into account uncertainty in input parameters; refer to methodology and Supporting Information.](HEP-71-1170-g002){#hep30899-fig-0002}

![Estimated prevalence of CHB in Australia by age group, 1970‐2030. Dashed line represents prevalence in the whole population.](HEP-71-1170-g003){#hep30899-fig-0003}

Diagnosis and Treatment {#hep30899-sec-0019}
-----------------------

In 2017, an estimated 149,746 people living with CHB in Australia had been diagnosed, representing 68% (PR, 49%‐84%) of the total. Modeled trends show modest improvements in the proportion diagnosed, increasing from 63% in 2011 to 68% in 2017 (Fig. [4](#hep30899-fig-0004){ref-type="fig"}). If the current average annual increase of 0.78% since 2011 in proportion diagnosed were to continue, Australia will not reach the 80% target until 2033. To reach the National 2022 target of 80% diagnosed, the proportion would need to increase by 2.48% every year to reach 192,954 people diagnosed in 2022, representing an additional 43,208 people living with CHB being diagnosed. Furthermore, to reach the WHO 2030 target of 90% diagnosed, the proportion would need to increase by 1.72% every year to reach 222,006 people diagnosed in 2030, representing an additional 72,260 people living with CHB being diagnosed.

![Estimated mean proportion of people living with CHB in Australia who have been diagnosed over time, 2000‐2030. Projections generated from 1,000 simulations (shown in gray) and assume cumulative number of notified cases of CHB continue to increase linearly and baseline treatment uptake scenario (see Table [1](#hep30899-tbl-0001){ref-type="table"} and Supporting Information for details).](HEP-71-1170-g004){#hep30899-fig-0004}

During 2017, 19,358 people were dispensed drugs for the treatment of hepatitis B through the PBS, which represents 8.7% (PR, 7.0%‐10.4%) of those estimated to be living with CHB. Modeled trends between 2011 and 2017 show an ongoing modest increase (average increase, 0.93% per year) in this proportion (Fig. [5](#hep30899-fig-0005){ref-type="fig"}). For Australia to meet the National 2022 targets of 20% of people living with CHB on treatment by 2022, an additional 28,880 people will need to be receiving antiviral treatment. This would require an average annual increase of 2.3%, which is 2.4 times the average annual increase of 0.93% per year since 2011. Under the baseline (representing current trends from 2017 onward), intermediate, and optimistic treatment scenarios, the modeled average annual increase in proportion receiving treatment between 2017 to 2030 was 0.33%, 1.4%, and 1.8%, respectively. Table [1](#hep30899-tbl-0001){ref-type="table"} compares the estimated proportion receiving treatment in 2022 and 2030 for each scenario.

![Estimated proportion of people living with CHB in Australia receiving treatment, 2000‐2030. Treatment scenario indicated in brackets; see Table [1](#hep30899-tbl-0001){ref-type="table"} for details. WHO 2030 targets under each scenario represents 80% of those eligible for treatment over time. National 2022 Target is Australia\'s treatment target for 2022.](HEP-71-1170-g005){#hep30899-fig-0005}

By modeling the transitions between phases of CHB, the model is used to estimate the proportion of people eligible for treatment for CHB (those in immune clearance, immune escape, and all people with cirrhosis)---see Fig. [1](#hep30899-fig-0001){ref-type="fig"}. The model estimates that 30.3% of all people living with CHB in Australia were eligible for antiviral treatment in 2017. The proportion eligible for treatment varies according to age with 17.1% of people aged \<20 years, 20.3% aged 20‐40, and 39% aged \>40 years eligible for treatment in 2017. The WHO treatment target for CHB is 80% of those eligible being on treatment by 2030. Under the baseline treatment scenario, by 2030 an estimated 32.4% of people will be eligible for antiviral treatment in Australia (higher than the current proportion attributable to aging in the population living with CHB over time). Therefore, by 2030, 63,858 Australians will need to be receiving antivirals for CHB to meet the WHO 2030 target, an additional 44,500 people compared to 2017.

Hepatitis B--Related Morbidity and Mortality {#hep30899-sec-0020}
--------------------------------------------

The number of people living with cirrhosis attributable to CHB has been increasing between 2000 and 2017 (Fig. [6](#hep30899-fig-0006){ref-type="fig"}). In 2017, an estimated 12,193 people aged \>40 years were living with cirrhosis. In 2022, the number of people living with cirrhosis aged \>40 years was approximately 13,126, 12,974, and 11,908 under the baseline, intermediate, and optimistic treatment scenarios, respectively. Furthermore, in 2030, these numbers were approximately 15,235, 12,956, and 11,624, respectively, highlighting the impact treatment scale‐up can have on morbidity in addition to mortality (Supporting Fig. [S4](#hep30899-sup-0001){ref-type="supplementary-material"} and Fig. [6](#hep30899-fig-0006){ref-type="fig"}).

![(A‐C) Deaths attributable to CHB under different treatment scenarios. (D) Cumulative deaths attributable to HCC and DC under baseline and optimistic treatment scenarios. (E) Number of people living with cirrhosis under baseline and optimistic scenarios.](HEP-71-1170-g006){#hep30899-fig-0006}

In 2017, an estimated 452 (PR, 316‐713) people died because of CHB in Australia. The total number of estimated attributable deaths has changed over time, increasing from 407 in 1991 to a peak of 575 deaths in 2007 followed by a gradual decline (Fig. [6](#hep30899-fig-0006){ref-type="fig"}). Deaths attributed to CHB in the model are caused by the development of DC and/or HCC. In Australia, the majority of estimated deaths because of CHB were attributable to HCC, which were responsible for 333 (PR, 238‐520) deaths in 2017, whereas 119 (PR, 78‐193) people died because of DC. Deaths attributable to both causes have decreased over the last decade; however, the decline has been more pronounced for DC (28% reduction, from the peak of 165 in 2004; Fig. [6](#hep30899-fig-0006){ref-type="fig"}) than for HCC (19% reduction, from the peak of 413 in 2008). The model is parameterized using Australian cancer registry data regarding HCC deaths, ensuring the outputs reflect current clinical outcomes.

If treatment uptake continues to increase at the current rate, there will only be a 5.7% reduction in deaths in 2030 compared to 2015. Furthermore, under the intermediate and optimistic treatment scenarios, the WHO 2030 target of a 65% reduction in hepatitis B--related mortality is not met (Table [1](#hep30899-tbl-0001){ref-type="table"}). Figure [6](#hep30899-fig-0006){ref-type="fig"} illustrates the impact on mortality attributable to CHB over time under different treatment scenarios considered. An additional 1,768 deaths will be prevented between 2017 and 2030 if Australia reaches the 2022 and 2030 targets under the optimistic treatment scenario compared to if continuing at the baseline treatment.

Discussion {#hep30899-sec-0021}
==========

This study presents a comprehensive model of CHB incorporating the complex natural history and epidemiology of hepatitis B in a country where migration is the key driver of new cases of CHB entering the population to generate estimates of burden of disease, the effect of treatment on adverse outcomes with projections toward the National 2022 and WHO 2030 targets. CHB is the most prevalent blood‐borne virus in Australia, and the number of people living with CHB will continue to rise through to 2030. Our modeling shows that Australia is not currently on track to meet the National 2022 targets (of 80% of people living with CHB diagnosed, 20% on treatment, and a 30% reduction in CHB‐related mortality by 2022) or the WHO 2030 targets (of 90% of people living with CHB diagnosed, and 80% of those eligible being on antiviral treatment).

To meet these targets, the number of people living with CHB diagnosed and the number receiving treatment will need to substantially increase. Increases of the required magnitude will require innovative disruptions of the current status quo to be realized. In 2015, the liberalization of antiviral prescribing to allow general practitioners in Australia to treat those affected, rather than restricting this to specialist physicians, improved the accessibility of treatment. However, in 2017, the majority (\>85%) of CHB treatment is still provided by specialists, and access is demonstrably lower outside of major cities.[2](#hep30899-bib-0002){ref-type="ref"} These disparities must be addressed. Under the intermediate and optimistic treatment scale‐up scenarios considered, both reached the WHO 2030 target for treatment; however, only the optimistic scenario also reached the National 2022 treatment target. Only the optimistic scenario achieved the National 2022 target of a 30% reduction in mortality attributable to CHB. Despite the optimistic scenario reaching the WHO 2030 treatment target, the target of a 65% reduction in attributable mortality was not achieved.

This emphasizes the importance of having national strategy targets to strive for on the way to the global 2030 targets. Furthermore, it indicates the importance of ensuring that people affected are engaged in care and have access to relevant treatment earlier in order to achieve a higher reduction in attributable mortality by 2030. Although access to treatment remains well below local and global targets, current treatment uptake levels have been associated with a substantial reduction in deaths attributable to CHB since 2008. The decrease in estimated deaths over the last decade in particular is attributable to the introduction and scaling up of effective antiviral treatment in Australia, and the resulting reduction in CHB‐associated mortality in those most at risk of adverse outcomes. Additionally, modeled outcomes indicate the impact of treatment scale‐up on the number of people living with cirrhosis, underscoring that appropriate antiviral treatment can substantially reduce progression to cirrhosis and also reverse established cirrhosis in people living with CHB (as illustrated in Fig. [6](#hep30899-fig-0006){ref-type="fig"}). Whereas substantial focus should remain on increasing diagnosis, focusing on improving treatment uptake and enhancing care for those affected is also essential. This is consistent with previous research that highlights the levels of engagement in care are well below where they need to be.[2](#hep30899-bib-0002){ref-type="ref"}

It is important to note that any future changes to birth dose uptake are unlikely to have a substantive impact on the model outputs given that approximately 95% of new CHB infections in the model are in people born outside of Australia.The changes in CHB prevalence by age in Australia over time highlights the achievements of hepatitis B vaccination uptake among infants born both in Australia, and especially overseas in high hepatitis B prevalence settings (illustrated by the decrease in prevalence from 1991 in those aged \<20 years). The impact of these programs will extend into older age groups over time. The majority of people living with CHB in Australia were born overseas and acquired hepatitis B in their country of origin, and therefore changes in the size, country of origin, and age distribution of Australia\'s migrant population will profoundly affect the epidemiology and future projections of hepatitis B in Australia. For example, the shift in prevalence in the year 2000 of those aged 20‐39 shows the impact of recently arrived migrants from countries with increasing levels of infant vaccination coverage, whereas the slow increase in prevalence of those aged \>40 years shows the impact of the aging population living with CHB.

This analysis shows the utility of the complex model constructed to address other key questions, including the proportion of people living with CHB estimated to be eligible for treatment and the impact of overseas vaccination on the future burden of CHB in Australia. Further details regarding these and other analyses will be the subject of subsequent work. This model could readily be adapted for use in other settings, especially in other generally low‐prevalence populations where there is significant migration from endemic areas. The model presented here has also been used to estimate inequities in diagnosis, treatment uptake, and attributable burden of CHB at subnational levels.[31](#hep30899-bib-0031){ref-type="ref"} Because of the nature of the routine data sources that were utilized to parameterize our model, such as population demographic data, published literature, serosurveys, and local surveillance data, including notifications, vaccination rates, and treatment uptake, this approach could be readily replicated in other settings where similar data sources are available.

Limitations to the model arise where there is unavailability of, or uncertainty in, source data. This particularly applied to prevalence estimates by age for priority populations, including Aboriginal and Torres Strait Islander peoples.[24](#hep30899-bib-0024){ref-type="ref"} Work to establish more rigorous estimates, and to apply these together with specific natural history and treatment coverage data to a dedicated model simulating CHB in Aboriginal and Torres Strait Islander Australians, is ongoing.

Furthermore, a lack of natural history information (particularly relating to distributions of phases for CHB by age group in different populations), and surveillance of sequelae of chronic infection other than HCC (such as DC), limits the capacity to benchmark model outputs against real‐world data. The sensitivity analysis highlighted that the key drivers of the number of people living with CHB and attributable deaths because of HCC and DC were the prevalence of source countries and the proportion of people living with cirrhosis migrating into the population.

In conclusion, mathematical modeling is a useful technique for determining and assessing progress toward national, regional, and global service coverage indicators for chronic diseases such as CHB and the projected results of different levels of access to these services (such as antiviral treatment) on impact targets, including attributable morbidity and mortality. We demonstrate here a model able to capture a complicated epidemiological setting that demonstrates that Australia is not currently on track to meet our own National Hepatitis B Strategy targets for CHB diagnosis and treatment, nor the GHSS targets every member state in the WHO has committed to achieve by 2030. However, while striving to increase service delivery to meet these objectives, it should be remembered that many lives have already been saved from existing levels of treatment and care. Appropriate application of carefully developed and consistently refined modeling simulations will not only help monitor the impact of increasing treatment access, but also can inspire further action.
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